THE ASTR_)PFI'_ SIC _.L Jt)l RN _L, 467 :38 00, 1996 August 10 , I'_'_*,I he ._,mcrl_.Lr" _,,Ir _noml,..ai _,,,_et_ MI Fl__ht', reser; R. SCHMITT t'2'6 Receiced 1994 September 23: accepted 1996 ABSTRACT Template UV-optical spectra of quiescent and starburst galaxies are presented and used to derive Kcorrections as a function of morphological type and redshift. IUE observations and archival data are used for the UV template spectra.
The optical spectra are from ground-based observations obtained in apertures that match closely the 200 arcsec 2 IUE aperture. The templates of quiescent galaxies are built according to morphological type, elliptical, bulge, SO, Sa, Sb, and So, and the templates of starburst galaxies according to color excess. The unprecedented characteristics of these templates is that UV and optical spectra have been obtained in matched apertures to produce consistent spectral information from 1200 to 10,000 A. Despite the relatively small IUE aperture, the galaxy stellar populations are well represented in the elliptical, SO, Sa, and Sc, and in the starburst templates.
The spectra are available digitally.
The UV-optical templates can be applied to the classification of high-redshift galaxies and to the identification of the host galaxies of quasars. The templates predict that observed magnitudes from traditional ground-based photometric surveys can be uniquely interpreted.
For example, U, B, and I magnitudes uniquely determine both the redshift and the morphological type of a galaxy. The template spectra are also used to calculate K-corrections for galaxies as a function of morphological type and redshift, up to z = 2. These improved K-corrections are not sufficient to explain the excess counts in faint blue galaxies.
A subset of our galaxy templates are linked with published data from the radio to the X-ray for galaxies and quasars.
A comparison between the quiescent galaxies and the quasars suggests that, in the optical band, the host galaxy is a factor of 10-100 fainter in flux than the quasar.
Subject headings: galaxies:
distances and redshifts --galaxies: photometry --galaxies: starburst -galaxies: stellar content --quasars: general i. INTRODUCTION As searches for faint, primeval galaxies continue, the number of unresolved questions grows. Faint galaxy counts reveal more blue galaxies than predicted based on local galaxy counts; however, the predicted number of red galaxies is about right. The number counts raise the question of the relation between local galaxies and early galaxies: did the numerous early galaxies merge to create present-day galaxies as suggested by Broadhurst, Ellis, & Glazebrook (1992) , or did an initial burst of star formation make small galaxies temporarily bright? When did the first galaxies form, and what is the best method to find these primeval galaxies?
More specifically, how does the first epoch of star formation compare with later epochs, where the stars are made of processed gas ?
Here, we produce spectral energy distributions (SEDs) for local galaxies from the ultraviolet to the near-infrared, in order to relate morphological type to spectral energy dis- Kinney et al. 1993) .
We present template spectra of elliptical, bulge, SO, Sa, Sb, Sc, and starburst galaxies in a matched 10" x 20" aperture from 1200/_ to 8000/_ and in some cases to 10,000 A.
The observations
are presented in § 2, and the procedure adopted to produce the templates in § 3. The general properties of the templates are discussed in § 4.1. Applications of the templates to the classification of high-redshift galaxies and to the identification of the host galaxies of No'r_.--The firstcolumn lists the observatory where the optical spectra for each galaxy were obtained (KPNO or CTIO). The second column specifies if the UV spectra consisted of data from both the IUE Short-Wavelength and Long-Wavelength Cameras (S + L) or from one of the two (S or L). The morphological type follows, wherepossible, the classical Hubble classification. The radius is half the largest diameter for the galaxy as given in NED. The heliocentric velocity (vs) and the apparent magnitude (Br) are from the Revised Shapley-Ames Catalogue (RSA), for from The Third Reference Catalogue of Bright Galaxies (RC3). Ms is the absolute magnitude calculated from the apparent magnitude corroded for Galactic absorption and from the r_eession velocity reduced to the centroid of the Local Group (of.RSA). in flux level. The UV spectra are averaged according the same procedure adopted for the starburst spectra. The templates are presented in Figure 1 , normalized to the flux at 4000/k. This normalization is chosen to emphasize the spectral difference between the morphological types. The individual templates and their 1 a standard deviations are shown in Figures 2a-21. Because the spectra have been taken in large apertures, the strong night skyline around 5500 A is difficult to remove and has been masked in most of the plots.
Digital Distribution of the Template
The templates, and the multiwavelength spectra of the individual galaxies on which they were based, will be available in digital form through the National 
TEMPLATE APPLICATIONS

General Properties
The early-type galaxies (E, bulge, and SO) have the reddest spectra, with the largest increase in flux from the UV to the optical tsee Fig. 1) . The Sa and Sb galaxies have a slightly weaker increase, while the spectra of the Sc galaxies tend to be rather flat. The sequence of spectral shapes from E to Sc mirrors the increasing contribution of the disk stellar population relative to the bulge population going from early to late Hubble types. Starburst galaxies become increasingly bluer, with a spectrum that rises toward shorter wavelengths, as the dust obscuration, i.e., E(B-V), decreases.
The E, bulge, SO, Sa, and Sb galaxies have very s!milar spectral shapes and absorption features for 2 > 5000 A, and would be rather indistinguishable from their broadband optical and near-IR colors (cf. Kennicutt 1992) . The E and SO templates have similar UV spectra and 4000 ]_ Balmer discontinuities.
The strength of the 4000 ]_ discontinuity decreases from the E and SO templates to the Sa and the Sb
templates.
Our templates are made of galaxies with a variety of physical properties (cf. The main selection criterion for the galaxies in the sample is their detectability at UV wavelengths, and therefore the sample of quiescent galaxies, which have weak UV fluxes, includes only bright, local galaxies, while the sample of starburst galaxies, which have a large range in UV brightness, includes galaxies up to redshift z~0.03. Therefore, the templates of quiescent galaxies give the spectral shapes as a function of galaxy type but give little information on spectral shape as a function of luminosity (cf. next section).
Identification of Hioh-Redshift Galaxies
The identification of high-redshift galaxies is hampered by the general lack of emission lines in the galaxy spectra for deriving secure redshifts. The quiescent galaxies are distinguished mainly by the difference in their UV and optical continuum shape. Only the starburst galaxies show emission lines, and those emission lines appear only in the optical region. The shortest wavelength emission line in starburst galaxies is [O m] 23727, which is already shifted into the I band at a redshift of a little more than 1.0.
Can colors be used to identify galaxies and derive their redshift ? Not easily. If the redshift is known, for example, in the case of a galaxy discovered through narrowband imaging in the redshifted light of Ly_ (for a review see Giavalisco, Macchetto, & Sparks 1994) , the observed color will distinguish between morphological types, as can be seen in Figures 3a and 3b . However, if both the redshifl and the morphological type must be determined simultaneously, the problem is more difficult. The slopes of the optical continuum longward of 5000 A and the slopes of the UV continuum shortward of 3000 ,_, do not vary substantially between the different morphological types. Thus, the predominant identifying and differentiating feature in the SEDs of the different types of galaxies is their behavior between 3000 and 5000/_ i.e., the 4000/1_ Balmer discontinuity.
The 4000 ]_ discontinuity is the strongest for the bulge and E galaxies and grows progressively weaker for the SO, Sa, and Sb galaxies. In the starburst galaxies, the spectra will show a reversal at 4000 ,_; at shorter wavelengths, they increase in flux inversely proportional to their dust content (see Calzetti et al. 1994) .
A better approach may be to use observed magnitudes directly, in order to derive a robust description of morphological type and redshift of galaxies, as described in detail in Connolly et al. (1995) . The templates for the E, Sa, Sb, and Sc galaxies are shown in Figure 4 , redshifted through the U, B. and I bandpasses to produce a grid of magnitudes for each template as a function of redshift. The galaxies form a well-defined plane in the U, B, I cube. Given multiple bandpasses of information on a large survey of galaxies, such as will be produced in the Sloan Survey (Gunn & Knapp 1992) , statistical identifications can be made based on a comparison between the data and the templates.
Characterizing the thickness of the plane within the U, B, I cube would be useful. In other words, ho_ do the colors depend on luminosity for each morphological type? As discussed above, the galaxies making up the sample have little range in luminosity since the IUE satellite can detect only the brightest, nearby galaxies, so this data set cannot address the spectral dependencies on luminosity.
Identifying the Host Galaxies of Quasars
Our spectral energy distributions can be joined with published data in other wave bands to obtain complete wavelength coverage, in some cases going from the radio to the X-ray of a variety of extragalactic objects. Although the apertures through which such broadband spectra are taken vary from wave band to wave band, the data have been chosen from the literature so as to minimize the difference in aperture size. There are some notable exceptions, such as IRAS, which has only a very large aperture. However, there is evidence in that the IRAS and the IUE fluxes of starburst galaxies are well correlated regardless of the large difference in the aperture of the two satellites, implying that the differences in this case may be minimal.
We have produced a plot comparing a normal SO galaxy with a starburst galaxy, a Seyfert 2 galaxy, a template radioquiet quasar, and a template radio-loud quasar. The SEDs shown in Figure 5 are from Sanders et al. (1989, To make a comparison between the SEDs of normal galaxies and galaxies with some activity, the starburst, Seyfert 2, and SO galaxies are normalized in the red, at 1.2/_m, thus normalizing by their old star population. The Seyfert 2 galaxy shows little evidence for a hot star component such as dominates the starburst galaxy in the UV at log v = 15.5. However, the spectrum of the Seyfert 2 galaxy flattens out in the UV as the featureless blue continuum begins to dominate over the UV flux from the galaxy. The SO galaxy shows a steeply decreasing UV flux, indicative of the lack of a hot star component.
The X-ray flux of the Seyfert 2 galaxy is dominated by the active nucleus, with a UV-to-X-ray slope similar to that of the radio-loud and the radio-quiet quasars, while the lower relative X-ray flux of the starburst galaxy is most likely dominated by supernovae from the hot star population.
The X-ray flux of the SO galaxy is likely from a hot gaseous halo and, possibly, binary X-ray sources (Fabbiano 1989 , see also Bregman, Hogg, & Roberts 1995) . In the IRAS bands, the Sevfert 2 galaxy shows strong emission from a hot dust component/_ 500 K). while the starburst galaxy has stronger emission from the warm dust component 1_40 K: see also . The SO galaxy lacks the UV radiation to heat the dust to temperatures as high as those seen in the starburst galaxy and 46 KINNEY ET AL. Vol.467 (U -B) vs. redshi_ for the template galaxies.
therefore has weak emission in the IRAS wave bands.
The choice of the normalization between the galaxies' SEDs seems straightforward;
the normalization in the near-IR, where the spectrum is dominated by old stars, simply allows a comparison by the mass of the galaxies. The choice of a normalization between the Seyfert 2 and the quasars is more of a best guess about how to compare the SEDs for the two types of objects. To make the comparison between the Seyfert 2 galaxy, which has regions of its spectrum clearly dominated by the galaxy and regions clearly dominated by its active nucleus, and the quasars, we normalize the spectra at the IRAS 60/_m band. Detailed modeling of the dusty torus in active galaxies (Pier & Krolik 1992) shows that the flux between 60 and 100/am is from the torus and is almost independent of the viewing angle of the torus So the torus' contribution to the far-IR is isotropic, and a normalization at those far-lR wave bands should be a normalization to the size of the dusty torus. As long as we do not include blazars and BL Lac objects, there should be no further beamed contribution at the far-IR in the active objects (Antonucci 19931 . Optical, UV. and X-ray bands are not suitable for the normalization, because they are dominated by a component that is dependent on the viewing angle (Antonucci 1993) . Several conclusions can be drawn from the SEDs of these extragalactic objects. First, the radio emission of the radioquiet quasar is comparable to that of the starburst galaxy. Most likely, the radio emission of radio-quiet quasars is due to the star formation that accompanies activity in the center of the galaxy. Second, in the opticai-to-UV region of the SEDs, the galaxies are only a factor of 10-100 fainter than the quasars. Thus, if the quasar's emission can be diminished by a factor of 100 with observing techniques (for example, by using the coronographic spot on NICMOS on the Hubble Space Telescope), the host galaxy SED should be readily observable.
Finally, the red end of the optical spectrum is the best place to observe the host galaxy--before the big blue bump of the quasar begins to dominate the spectrum.
However, based on the templates shown in Figure  I , the 4000 /_ region is the region that most distinguishes between different galaxy types. Thus, the red spectral region, where the host galaxy is most readily observable, is not the same as the spectral region (4000 A),
where the host galaxy is most readily classifiable. FIo. 5.--SED for the SOgalaxy NGC 1553, for the starburst galaxy NGC 7714, and for the Seyfert 2 galaxy NGC 1068 normalized at 1.2 _ overlaid with a template radio-loud quasar and radio-quiet quasar from Sanders et aL(1989) . The qmtutrsare normalized to the Seyfert 2 galaxy by the flux in the IRAS band at 60/ma, a flux that is thought to be isotropic and therdore not dependenton the orientation angle of the active nucleus. Table 3 . The commonly used term K-correction originated as a referenoe to the K-term by Wirtz (1918) , where K stands for the German word for constant, konstante. The K-term was a constant offset in redshift applied to "diffuse nebula," which were found to be receding, on average, by a velocity of 656 km s-_. The average recession velocity was originally interpreted as local motion.
K-Corrections and the Faint Galaxies' Number Counts
contributing to the UV spectral range and three of the same galaxies contributing to the optical spectral range (see Table   2 ), reaching a redshift of z = 2.0 for some bandpasses. Thus, these are self-consistent templates that can be used to calculate more accurate K-corrections as a function of redshift than previously available. These K-corrections can be used for a number of applications, including predictions of the number of faint blue galaxies as a function of magnitude. The K-corrections have been fitted to sixth-order polynomials and are shown as a function of redshift in Figure  6 .
The constants for the fits are given in NOTr.S.--SB1refers to starburst galaxies with color excess E(B-V') < 0.1. SB2 refers to starburst galaxies with color excess 0.11 < E(B-I/)< 0.21. SB3 refers to starburst galaxies with color excess 0.25 < E(B-V)_ 0.35. SB4 refers to starburst galaxies with color excess 0.39 < E(B-V)< 0.50. SB5 refers to starburst galaxies with color excess 0.51 < E(B -V) < 0.60. SB6 refers to starburst galaxies with color excess 0.61 < E(B-IF)< 0.70.
where ,, = -1.25.
Following the methodology of Broad°h urst 11989), we use the mean absolute Bj magnitude for the galaxies in the DARS to set M* = -2.5 log L* + const for each galaxy type: and we use our derived K-corrections to predict the number counts. The number counts as a function of the apparent magnitude m are given by
Our prediction of number counts in the case of no galaxy evolution,
shown as a solid line in Figure 7 , underpredicts the observed number counts as reported in Broadhurst et al. (1988) . Our predictions are practically indistinguishable from those based on the Pence (1976) data (Fig. 7, dashed  line) and show that the number counts are not greatly sensitive to variations in the K-corrections (see also King & Ellis 1985) .
As a simple experiment, we also calculate a prediction based on the hypothetical galaxy mixture made up of 100% mildly reddened starburst galaxies. We find that a population made up entirely of starbursting galaxies with reddening E(B-V)~0.3, given by the dot-dashed line in Figure 7 , is compatible with the number counts.
Comparison of Templates with Stellar Synthesis Models
How do the observed templates compare with the SEDs computed in spectral synthesis programs?
We make comparisons here for the populations representing the extremes in ages: the elliptical galaxy and the bluest starburst galaxy. In Figure 8 be attributed to the ongoing developments in understanding the properties of the low end of the initial mass function (Chariot, Worthey, & Bressan 1996) . Figure  9 shows our starburst template for the case E(B-V) = 0.0 (solid line) overlaid with a synthetic spectrum (dashed line) based on a Bruzual & Chariot (1993) model using continuous star formation and an age of 7.2 x 10 s yr, and normalized at 4000 _ Since Bruzual & Chariot models to not include nebular emission, the emission lines are lacking in the synthetic spectrum.
The continuum match is nonetheless fairly good in the optical and in the long-wavelength end of the UV. The major difference between the two spectra is at wavelengths shorter than 2000 /_, where the template is markedly redder than the synthetic spectrum.
The most likely explanation for the difference is that the template spectrum includes star-forming regions of different ages and different dust content, while the synthetic spectrum includes only one dust-free region undergoing continuous star formation (cf. Leitherer & Heckman 1995) . However, for actual comparisons with high-redshift galaxies, the observed templates may be a more realistic version of a "starburst galaxy" than the models.
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CONCLUSIONS
We present template UV-optical spectra of quiescent and starburst galaxies, from a combination of IUE data and of optical data with an aperture size matched to the IUE. The templates are built according to morphological type for the quiescent galaxies and according to color excess for the starburst galaxies (cf. Calzetti et al. 1994 Analysis of galaxy colors shows that colors do not generally help to define a detailed morphological classification of a galaxy or to determine its redshift. However, the magnitudes of the galaxies in multiple wave bands do separate the galaxies both by morphological type and by redshift, so that three-dimensional "magnitude cubes" should provide a useful tool in identifying distant galaxies (Connolly et al. 1995) .
The spectra of an SO galaxy, a starburst galaxy, and a Seyfert 2 galaxy are joined with data from the literature to form multifrequency spectra spanning the range from radio to X-ray. These spectra are displayed together with template active galaxies, allowing a comparison over a wide spectral range. In addition, the reddest (elliptical) template and the bluest ("dust-free" starburst) template are corn-pared with stellar synthesis models. There is a general satisfactory agreement between models and templates: the major difference is in the far-UV side of the starburst spectra and can be attributed to the presence of more than one region of star formation contributing to the integrated emission.
Template spectra are used to calculate K-corrections for galaxies as a function of morphological type and redshift, up to z ---2. Despite the fact that these K-corrections are a clear improvement over previous determinations (cf. King & Ellis 1985; Broadhurst et al. 1988) , the blue galaxy number counts they predict in the case of no-evolution are not very different from the number counts predicted by previous K-corrections. Improved K-corrections do not help resolve the anomalously high number of faint blue galaxies detected by deep surveys tcf. King & Ellis 1985) . 
APPENDIX
We have derived color-color and color-versus-redshift diagrams using the standard Johnson bandpasses U, B, V, R, and I, shown as response versus log v in Figure 10 , and the bandpasses developed by Steidel & Hamilton (1992 , 1993 specifically for searching for high-redshift galaxies (U,,, G, and ._, shown in Fig. 11 ). For comparison purposes, the energy distributions of the quiescent galaxy templates are plotted in Figure 12 , and the energy distributions of the starburst templates are plotted in Figure 13 as vFv versus log v. The quiescent galaxies have only one noticeable feature, the strong 4000/_ discontinuity, while the starburst galaxies show a slight increase in flux across the 4000/_ discontinuity. Table AI lists the template fluxes, normalized by averagin 8 between 3800 and 4200 tit to the bulge spectrum for comparison between the templates.
The table lists the mean in each 200 A bin in units of I x 10-t, ergs cm-2 s-t A-t, and the standard deviation in the fluxes in the corresponding bin in the same units.
The color-versus-redshift diagrams and color-versus.color diagrams for the different morphological types at different redshift are shown in Figure 14 . -.-.-, -. E(B,..V)IO.,t,4 _  . . o -.,_-.. .. E(B.,-V) Table 3 for explanation of SB I-SB6.
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